Many plant cells retain their totipotency when cultured in vitro. The regulation of shoot regeneration from in vitro culture involves a number of gene products, but the nature of the associated post-transcriptional events remains largely unknown. Here, the post-transcriptional regulator ARGONAUTE10 (AGO10), a protein which is specifically expressed in the explant during the period when pro-shoot apical meristems (SAMs) are forming, has been known to inhibit shoot regeneration. In in vitro cultured explants of the loss-of-function mutant ago10, a much larger than normal number of SAMs was formed and, in these, the stem cell marker genes WUSCHEL, CLAVATA3 and SHOOT MERISTEMLESS were all strongly expressed. AGO10 repressed the accumulation of the microRNAs miR165/166, thereby up-regulating a suite of HD-ZIP III genes. The overproduction of miR166 was shown to promote shoot regeneration, while the absence of miR165/166 message resulted in a blockage to shoot regeneration and only a partial rescue of the phenotype of the ago10 mutant. The major conclusion was that the shoot regeneration inhibition determined by AGO10 functions via the repression of miR165/166.
Introduction
Many plant species can be regenerated from in vitro cell culture (Motte et al. 2014) . In some cases, the process requires the initial formation of non-differentiated callus, which is then induced to form roots and shoots by an alteration in the hormonal balance of the medium (Che et al. 2006 , Chatfield et al. 2013 . In others, the explant regenerates directly (Zhang et al. 2005 , Bassuner et al. 2007 , Che et al. 2007 , Liu et al. 2013 . In both cases, shoot regeneration requires the formation of one or more shoot apical meristems (SAMs) (Gallois et al. 2004 , Che et al. 2006 , Gordon et al. 200, Duclercq et al. 2011 , Qiao et al. 2012 , Cheng et al. 2013 , Ikeuchi et al. 2016 . A number of genes have been implicated in controlling SAM maintenance and differentiation in intact plants; the products of many of these are also involved in the capacity of explants to regenerate shoots from in vitro culture (Gordon et al. 2007 , Liu et al. 2013 , Motte et al. 2014 . The overexpression of either WUSCHEL (WUS) or SHOOT MERISTEMLESS (STM) promotes the proliferation of meristematic tissue in vegetative organs in intact plants, and also enhances the formation of adventitious buds during in vitro culture (Lenhard et al. 2002 , Gallois et al. 2004 , Motte et al. 2014 . The WUS-CLAVATA3 (CLV3) feedback loop is an important regulator of stem cell identity in intact plants and is necessary for the formation of SAMs during in vitro culture (Brand et al. 2000 , Su et al. 2009 . As yet, however, the molecular basis of the capacity to regenerate shoots during in vitro culture remains obscure.
The class of RNA referred to as microRNAs (miRNAs) are 21-24 nt long single-stranded nucleic acids which function post-transcriptionally to regulate gene expression (JonesRhoades et al. 2006) . In excess of 300 distinct miRNAs have been documented in Arabidopsis thaliana. In the context of differentiation, miR165 and miR166 act together to control the initiation and maintenance of SAMs through their interaction with various HD-ZIP III (Class III homeodomain-leucine zipper) transcription factors (Kim et al. 2005 , Zhou et al. 2007 , Fouracre and Poethig 2016 . The miR394-directed repression of LCR has been shown to be essential for stem cell proliferation (Knauer et al. 2013) . Several miRNAs have been identified as regulating shoot regeneration from in vitro culture. Notably, miR160 interacts with ARF10 to inhibit callus initiation and shoot regeneration, while miR156, which targets SPL transcription factors, contributes to a decline in the explants' capacity to regenerate shoots (Qiao et al. 2012 , Liu et al. 2016 . The process of miRNA-mediated post-transcriptional gene regulation is based on the processing of precursor RNAs in a riboprotein complex (Gasciolli et al. 2005) . ARGONAUTE (AGO) proteins bind with mature miRNAs in order to guide the riboprotein complex to its target mRNA (Mallory and Vaucheret 2010) . The AGOs have been classified into three distinct clades, and some of this family's members are known to be essential for miRNA function during plant development (Vaucheret 2008, Carbonell and Carrington 2015) . The loss of function of AGO1 seriously impairs plant development, while AGO10 associates most strongly with miR165/166, modulating SAM maintenance and leaf polarity (Liu et al. 2009 , Mallory and Vaucheret 2010 , Zhu et al. 2011 , Zhang and Zhang 2012 . So far, the contribution of AGOs to shoot regeneration from in vitro culture has not been described.
Here, a direct A. thaliana shoot regeneration system was used to identify AGO10 as a strong inhibitor of shoot regeneration, and the process was shown to function via the repression of miR165/166. The experiments have highlighted a novel posttranscriptional factor in the regulatory network responsible for shoot regeneration.
Results

AGO10 inhibited shoot regeneration via repressing de novo SAM formation
After Col-0 and ago10 seeds had been cultured for 3 d in a liquid medium containing 2,4-D, 37% of the latter's explants developed protuberances, while the proportion for the former's was only about 4% (Fig. 1A, A 0 , H). After 7 d, these proportions had risen to, respectively, 58% and 19% (Fig. 1H) . Meanwhile, the size of the protuberance formed by the ago10 mutant explants was greater than that formed by those of the wild type (WT) (Fig. 1B, B 0 ). By 14-21 d, about 70% of the ago10 explants had generated a large protuberance, a proportion which was three times greater than achieved by the WT explants (Fig. 1C,  C 0 , D, D 0 , H). Transformants carrying one of the constructs proWUS::GFP-GUS, proCLV3::GFP-GUS or proSTM::GFP-GUS were used to determine the origin of the protuberances (Cui et al. 2015) . b-Glucuronidase (GUS) staining showed that all three transgenes were strongly expressed in the upper layers of protuberances on days 7 and 14 ( Fig. 2A, B , E, F, I, J). An inspection of paraffin sections showed that the CLV3 promoter was most active at the surface of the protuberances, while the WUS promoter's activity was concentrated several cell layers beneath the surface ( Fig. 2M-P) , reminiscent of the patterns seen in SAMs in intact plants. According to the proposed model for the shoot regeneration process (Su et al. 2009 , Zhang et al. 2017 , the region where stem cell marker expression was most pronounced is equivalent to the pro-SAM ( Fig.  2A-L) . After 7 d of culture, ago10 explants each developed an average of around two pro-SAM regions, while the equivalent for WT explants was only about 0.5 (Fig. 2Q, S) . After 14 d, these numbers rose to, respectively, 10 and three (Fig. 2R, T) . Once explants showing pro-SAM regions were transferred into a medium lacking 2,4-D and provided with light, the pro-SAM regions rapidly developed green shoots. The number of shoots generated per explant was much higher from ago10 than from WT explants (Figs 1E, E 0 , F, F 0 , G, G 0 , I; Supplementary Fig. S1 ). As expected, the absence of 2,4-D greatly promoted shoot formation from ago10 explants (Fig. 1G, G 0 , I). The insertion of a pro35S::AGO10 transgene into either a WT or an ago10 background ( Supplementary Figs. S2E , S3B) produced a clear decline in the number of protuberances developed by day 21 (Supplementary Figs. S2A-D, S3A ). The overall conclusion from these experiments was that AGO10 acted to inhibit shoot regeneration via repression of pro-SAM formation.
Expression of AGO10 during shoot regeneration from in vitro cultured explants
The site of AGO10 promoter activity was determined by monitoring the expression of the proAGO10::GUS transgene. In explants harboring this construct, GUS activity was distributed throughout 3-day-old (Fig. 3A; Supplementary Fig. S4A, D) , 4-day-old (Fig. 3B) and 5-day-old (Fig. 3C) protuberances. From 7 d onwards, the GUS signal became increasingly concentrated into the region where pro-SAMs were forming ( Fig. 3D, E ; Supplementary Fig. S4B, E) . Thereafter, most of the activity was localized to the top of the protuberance, from which several pro-SAMs emerged in the period between days 14 and 21 ( Fig. 3F, G ; Supplementary Fig. S4C, F) . The accumulation of AGO10 mRNA was detected in explants which generated no protuberances. Clearly a high abundance of AGO10 transcript accumulated in the regions where protuberances would normally be expected to develop ( Supplementary Fig. S5A , B). The expression profile of AGO1 was monitored by an inspection of proAGO1::GUS transgenic lines (Yangy et al. 2014) , which showed that promoter activity was most active in the protuberances and overlapped topologically with that of AGO10 ( Supplementary Fig. S6 ).
Downstream targets of AGO10
The abundance of miR165/166 transcript in WT explants was compared with that in those of the ago10 mutant, using the U2::MIR165/6-GFP transgene as a sensor [high miR165/166 activity is reflected by a low level of green fluorescent protein (GFP) activity] (Carlsbecker et al. 2010) . GFP activity was distributed throughout 3-day-old (Fig. 4A, C) and 5-day-old (Fig. 4D, F) protuberances, indicating an absence of miR165/ 166 (Fig. 4A, C) . However, from days 7 to 14, GFP fluorescence was detected in the peripheral cells from which pro-SAMs originated ( Fig. 4G, I , J, L). In ago10 mutant explants, however, weak GFP activity was detectable by day 3 (Fig. 4A ', C'), but despite the increase in size of the protuberances and the differentiation of pro-SAMs between days 5 and 14, there was no increase in the strength of the GFP signal ( Fig. 4D' , F', G', I', J', L'). There was a greater abundance of miR165/166 transcript in the protuberances formed on ago10 explants than on WT explants. Between days 7 and 14, AGO10 expression was restricted to the periphery of the protuberances (Fig. 5A, B) , the same region where GFP mRNA accumulation occurred (Fig .  5D , E); this overlap was taken to indicate that the presence of AGO10 repressed mature miR165/166 transcript in the vicinity of nascent pro-SAMs. No signal was detected when sense probes for either AGO10 or GFP were used (Fig. 5C, F) .
It has been supposed that miR165/166 functions by repressing HD-ZIP III transcripts, thereby regulating SAM development and lateral organ formation (Zhou et al. 2007 , Liu et al. 2009 , Zhang and Zhang 2012 . According to the transcriptional [quantitative real-time PCR (qRT-PCR)] analysis, the accumulation of REVOLUTA (REV), PHABULOSA (PHB) and CORONA (CNA) message was notably reduced in the protuberances formed on ago10 mutant explants ( Fig. 6A-F) , in accordance with the observed boost to the abundance of miR165/166 transcript (Fig. 4) . The regulation of HD-ZIP III genes by miR165/166 was revealed by tracking the presence of mature miR166 and REV transcripts using RNA in situ hybridization. In WT explants cultured for 7 d, REV transcript was highly dispersed, and there was no evidence for the presence of any mature miR166 (Fig 6G, K) . By day 14, REV mRNA had become concentrated in the region where pro-SAMs formed; this region lacked any detectable mature miR166, although there was a low titer detected in the inner cells of the protuberance (Fig. 6H, L) . In contrast, in ago10 mutant explants, a high abundance of mature miR166 transcript was detected across the region where pro-SAMs emerged, and by day 14 the strength of REV transcript was greatly attenuated (Fig. 6I, J, M, N) . No signal was detected when sense probes for either REV or miR166 were used ( Supplementary Fig. S7 ).
The activities of miR165/166 facilitated shoot regeneration from in vitro cultured explants Target mimicry is a regulatory mechanism for miRNA functions in plants by blocking the interaction between miRNAs and their targets (Franco-Zorrilla et al. 2007 ). It has been established that the presence of MIM166 in intact plants of the ago10 mutant 2 Spatiotemporal expression of WUS, CLV3 and STM during shoot regeneration from in vitro cultured explants, as visualized by GUS activity generated from the transgene proWUS::GUS, proCLV3::GUS and proSTM::GUS. GUS activity on protuberances formed from explants of (A, B, E, F, I, J) the WT, (C, D, G, H, K, L) the ago10 mutant on (A, C, E, G, I, K) day 7 and (B, D, F, H, J, L) day 14. Co, cotyledon. Scale bar = 0.1 mm. Arrows indicate concentrated GUS signal on the protuberances. Promoter activities of (M, N) WUS and (O, P) CLV3 on cellular levels of protuberances generated from explants of the WT by (M, O) day 7 and (N, P) day 14. Scale bar = 0.05 mm. Arrows indicate concentrated GUS signal on the protuberances. (Q-T) The number of intense GUS expression sites induced by (Q, R) proWUS and (S, T) pro CLV3 on (Q, S) day 7 and (R, T) day 14. Values are shown in the form mean ± SE (n > 100). **Means differed significantly (P < 0.01).
inhibits miR165/166 accumulation . Here, the MIM165/166 construct was introduced into the WT, and a comparison was drawn between the behavior of WT, MIM165/166 transgenic and men1 mutant (an overproducer of miR166a) explants (Kim et al. 2005) . By day 7, about 36% of the men1 mutant explants had developed protuberances, a proportion which was clearly higher than that in the WT explants (Fig. 7A, A 0 , F); meanwhile, just 10% of the explants of plants carrying MIM165/166 developed protuberances, a proportion which was clearly less than that in the WT explants (Fig. 8G, I ). These differences were still apparent up to day 21 (Figs. 7B, B 0 , F, 8 H, J). As expected, the shoot regeneration rate in men1 explants was greater than that in the WT explants ( Fig.  7C -E, C'-E', G). The conclusion was that the activity of miR165/166 promoted shoot regeneration. A comparison of shoot regeneration capacity between a line carrying MIM165/ 166 in the background of the ago10 mutant, with those of the ago10 mutant itself and those of the MIM165/166 transgenic constructed in a WT background indicated that the two MIM165/166-ago10 explants performed at a level intermediate between the other two explant types (Fig. 8A-K) , which was taken to imply that MIM165/166 was able partially to rescue the ago10 phenotype.
Discussion
AGO10 is a strong repressor of shoot regeneration from in vitro cultured explants
The genetic and cellular basis of shoot regeneration has been extensively studied in A. thaliana, but its post-transcriptional regulation has yet to be fully explored (Duclercq et al. 2011 , Motte et al. 2014 , Ikeuchi et al. 2016 . Here, AGO10 was identified as a major repressor of shoot regeneration from in vitro cultured explants, since ago10 loss-of-function mutant explants regenerated shoots more readily than those of the WT could, and the overexpression of AGO10 rescued the mutant phenotype ( Fig. 1;  Supplementary Fig. S3 ). Protuberances were formed at a low frequency from WT explants and AGO10 transcript was abundantly accumulated, especially in explants which failed to form any protuberances (Supplementary Fig. S5 ). In contrast, protuberances formed relatively freely from ago10 explants (Fig. 1) , confirming that the AGO10 product inhibited the development of protuberances. The gene WUS is known to be strongly expressed in the SAM organizing center, and is essential for the specification of the stem cell niche within SAMs formed by intact plants (Laux et al. 1996 , Mayer et al. 1998 , Baurle and Laux 2005 . During in vitro culture, the early expression of WUS was shown to be necessary for SAM progenitor cell identity; eventually the expression of this gene became concentrated in the regenerated SAM, overlapping topologically with that of CLV3 (Atta et al. 2009 , Gordon et al. 2007 , Su et al. 2009 , Cheng 2010 , Motte et al. 2014 . The strong activity of the promoters of the stem cell marker gene (WUS, CLV3, STM and AGO1) promoters suggested that pro-SAMs were formed in the in vitro situation ( Fig.  2; Supplementary Fig. S6 ). In WT explants, AGO10 was activated in the apical region of the nascent protuberances (Figs. 3, 5 ; Supplementary Fig. S4 ). In terms of the number of pro-SAMs formed per protuberance, explants from the ago10 mutant were more productive than those from the WT, implying that AGO10 represses pro-SAM formation. When the explants were cultured in the absence of 2,4-D, a higher number of SAMs developed from the ago10 mutant than from the WT explants (Fig.  1) , which was consistent with AGO10 having an inhibitory effect on SAM formation at a later stage of their development as well. It remains possible that the more abundant production of SAMs from ago10 mutant explants reflects a more efficient formation of pro-SAMs. At the same time, the absence of AGO10 transcript enhanced the accumulation of CLV1, CLV2, CUP-SHAPED COTYLEDON2 (CUC1) and CUC2 (Supplementary Fig. S8 ). The overall conclusion was that AGO10 blocks SAM formation and thereby inhibits shoot regeneration from in vitro cultured explants.
AGO10 protein inhibits shoot regeneration by limiting accumulation of miR165/166
The binding of AGO proteins to mature miRNAs guides them to their target mRNA (Vaucheret 2008, Mallory and Vaucheret 2010) . AGO10 interacts most strongly with miR165/166, thereby influencing SAM maintenance and leaf polarity through the targeting of the HD-ZIP III genes PHB, PHAVOLUTA (PHV), REV, CNA and ATHB8 (Prigge et al. 2005 , Liu et al. 2009 , Zhu et al. 2011 . Explants derived from the men1 mutant (an overproducer of miR166a) regenerated shoots more readily than did WT explants, while explants derived from the loss of function of the miR165/166 line MIM165/166 were less productive (Figs. 7, 8) ; these observations imply that miR165/166 acts to promote shoot regeneration. The abundance of mature miR165/166 transcript was notably lowered in the apical region of explants which failed to form protuberances (Figs. 4-6 ; Supplementary  Fig. S5 ). Meanwhile, explants derived from the ago10 mutant tended to accumulate miR165/166 transcript in this same region (Figs. 4, 6 ) and, as a result, HD-ZIP III transcripts did not accumulate in the pro-SAM region (Fig. 6) . The indication is therefore that AGO10 represses the activity of mature miR165/166, thereby promoting the expression of these HD-ZIP III genes. The contrasting transcriptional behaviors of both AGO10 and miR165/166, and miR166 and REV suggest a regulatory relationship between AGO10, miR165/166 and REV in the context of pro-SAM formation (Fig. 6) . The introduction of MIM165/166 was able partially to rescue the ago10 shoot regeneration phenotype (Fig. 8) . The overall conclusion was that mature miR165/166 is modulated by AGO10, in line with the developmental sequence occurring in intact plants, where AGO10 sequesters miR166/165 (Zhu et al. 2011 , Zhang and Zhang 2012 . AGO10 is known to sequester specifically miR166/165 in vivo (Zhu et al. 2011 . Here, however, MIM165/166 only partially rescued the ago10 shoot regeneration phenotype. It is possible that the presence of MIM165/166 does not completely abolish miR165/166 functionality, and it is also conceivable that miR165 and miR166 are not the only miRNAs able to interact with AGO10 during shoot regeneration. Note that AGO10 has been documented to bind to a number of other miRNAs (Ji et al. 2011 ). In conclusion, the post-transcriptional regulator AGO10 was identified as a major repressor of shoot regeneration during in vitro culture, and probably partly functions by repressing miR165/166.
In AGO10 knockout lines, either empty apices or terminally differentiated organs form in preference to normal SAMs (Moussian et al. 1998 , Lynn et al. 1999 , Liu et al. 2009 ).
The strict spatiotemporal regulation of AGO10, miR165/166 and the HD-ZIP III genes is important for SAM maintenance (Liu et al. 2009 , Zhang and Zhang 2012 , Roodbarkelari et al. 2015 . Explants of the ago10 mutant were better able than those of the WT to regenerate shoots, as a result of their improved capacity to form pro-SAMs (Figs. 1,  2) . The down-regulation of miR165/166 activities in the shoots derived from ago10 explants, in conjunction with the up-regulation of HD-ZIP III genes, suggests that an AGO10-miR165/ 166-HD-ZIP III regulatory complex operates during in vitro culture similarly to how it does in intact plants (Figs. 4-6) . While AGO10-miR165/166-HD-ZIP III promotes SAM maintenance in the course of normal developmental, during in vitro culture it inhibits pro-SAM formation. An explanation for this apparent discrepancy is that the regulation of AGO10-miR165/166-HD-ZIP III is required for the proper expression of WUS. Disruption of this regulation induces the ectopic expression of WUS, which is lethal for SAM maintenance in intact plants, but favorable for SAM formation during in vitro culture. In intact plants, WUS expression is up-regulated but is displaced to the flanks of the meristem and cannot support CLV3 expression, which eventually results in the SAM deficiency shown by the ago10 mutant (Tucker et al. 2008 ). However, as shoot regeneration during in vitro culture depends on the ectopic reconstruction of SAM (Gordon et al. 2007 , Cheng et al. 2013 , Motte et al. 2014 , the pronounced ectopic expression of WUS in ago10 explants acted to promote the formation of pro-SAMs (Fig. 2) . 
Materials and Methods
Plant materials and growing conditions
The A. thaliana lines employed in this study were all based on the Col-0 ecotype. Mature seeds were surface sterilized in 5% (w/v) sodium hypochlorite for 10 min, washed five times with sterile distilled water and then cultured in a Murashige and Skoog (MS)-based liquid medium containing 20 g l -1 sucrose, 100 mg l -1 inositol, 10 mg l -1 vitamin B1, 1 mg l -1 vitamin B6, 1 mg l -1 nicotinic acid, 1 mg l -1 2,4-D, 0.5 g l -1 casein, 0.5 g l -1 MES and 146 mg l -1 glutamine (pH 5.8). The cultures were held at 4 C for 2 d, and were then transferred to a rotary shaker running at 120 r.p.m. in the dark at 25 C. Explants were subcultured into fresh medium once a week over 3 weeks. Once pro-SAMs had developed on protuberances, the explants were plated on a solidified (8 g l -1 agar) MS-based medium lacking 2,4-D and containing 10 g l -1 sucrose and the same vitamin formulation as for the liquid culture solution, and held at 25 C under a 16 h photoperiod.
Transgenes, transformation and the identification of the ago10 mutant To generate the proAGO10::GUS and proAGO10::GFP construct, an approximately 1.8 kbp fragment of the AGO10 promoter was introduced into both the pBI121 and pGFPGUS vectors, replacing the Cauliflower mosaic virus (CaMV) 35 S promoter. The pro35S::AGO10 construct was obtained by introducing a 2,967 nt stretch of the AGO10 coding region into pBI121. The MIM165/166 construct was generated by modifying the sequence of IPS1 as previously described and placing it under the control of the CaMV 35 S promoter within the pSTART vector (Franco-Zorrilla et al. 2007) . Arabidopsis thaliana was transformed using the floral dip method Fig. 6 The accumulation of HD-ZIP III and miR166 mRNAs in in vitro cultured explants of the WT and the ago10 mutant. REV, PHB and CNA mRNAs were all down-regulated in the protuberances formed on ago10 mutant explants after (A-C) 7 d, (D-F) 14 d. The accumulation of (G-J) REV and (K-N) miR166 in protuberances formed from explants of (G, H, K, L) the WT, (I, J, M, N) and ago10 measured on (G, I, K, M) day 7 and (H, J, L, N) day 14. Co, cotyledon. Scale bar = 0.1 mm. Arrows indicate the protuberances. Values are shown in the form mean ± SE. ***Means differed significantly (P < 0.001). (Clough and Bent 1998) . The ago10 mutant (Salk_000457) was identified using a PCR-based assay employing the primers ago10-LP, ago10-RP and LBa1, as recommended by the website (http://signal.salk.edu/cgi-bin/ tdnaexpress). The relevant primer sequences are given in Supplementary Table. S1.
Transcription analysis
RNA was isolated from protuberances harvested at various times during the in vitro culture process, using the TRIzol reagent (Invitrogen). An aliquot of approximately 3 mg of total RNA was reverse-transcribed using the M-MLV system (Invitrogen) in a 40 ml reaction vessel to provide templates for both the semi-quantitative RT-PCR assay with 2 Â Taq Master Mix (novoprotein) and the qRT-PCR assay based on the SYBR premix (Roche). All assays were run in triplicate. TUB2 was employed as the reference sequence. The relevant primer sequences are given in Supplementary Table S1 .
RNA in situ hybridization
The RNA in situ hybridization procedure followed the protocol described previously (Liu et al. 2009 ). Both a 663 bp fragment of AGO10 cDNA and a 653 bp cDNA GFP fragment were amplified, while a portion of the REV cDNA sequence was amplified following a previous study (Li and Huang 2005) . Each of the three fragments was inserted into the pGEM-T Easy vector (Promega; http://www.promega.com/). Antisense and sense probes were synthesized using an SP6/T7 DIG RNA Labeling Kit (Roche; http://www.roche.com/). The detection method for miR165/166 transcripts followed a previously described method (Liu et al. 2009 ). Relevant primer and probe sequences are given in Supplementary TableS1.
Assays for the activity of GUS and GFP
To detect GUS activity, samples were initially immersed in ice-cold 90% (v/v) acetone for about 15 min, rinsed three times in 50 mM sodium phosphate, 0.5 mM K 3 Fe(CN) 6 and 0.5 mM K 4 Fe(CN) 6 (pH 7.2), incubated overnight at 37 C in the same solution containing X-Gluc and finally bleached by passing through an ethanol series (30-70%). The samples were imaged by stereomicroscopy. GFP activity in samples mounted on a glass slide in water was monitored by confocal microscopy: the signal was excited by illumination with a 488 nm laser and captured at 495-550 nm. Z-stacks were reconstructed using Zeiss LSM software. At least 20 samples per line were analyzed.
Supplementary data
Supplementary data are available at PCP online. 
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